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Cadherins are cell adhesion molecules involved in cell–cell adhesion, signalling, and cellular proliferation and differentia-
tion. E-cadherin is required for the formation of epithelium in vivo. We investigated the contribution of the cytoplasmic
omain of E-cadherin to adhesion, signalling, and differentiation during murine mammary gland development, by in vivo
expression of a gene encoding a truncated form of E-cadherin lacking the extracellular domain. The expression of this gene
in mammary epithelial cells during pregnancy induced precocious lobular epithelial morphogenesis associated with
morphological differentiation and the early synthesis of various molecules (advanced milk fat globule appearance and milk
protein production). After delivery, when a fully differentiated and secretory epithelium is required for lactation, the
cytoplasmic domain of E-cadherin had a dominant-negative effect on cell–cell adhesion and affected the structure and
function of the epithelium. This also led to the partial loss of epithelial polarisation and changes in the basement membrane,
both important in malignancy. Thus, the cytoplasmic domain of E-cadherin induces epithelial morphogenesis, but also
alters the cohesiveness of the fully differentiated epithelium. © 1999 Academic PressKey Words: mammary gland; morphogenesis; E-cadherin; cell polarity; extracellular matrix.
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bINTRODUCTION
E-cadherin belongs to the large cadherin superfamily of
cell adhesion molecules (Aberle et al., 1996; Marrs and
elson, 1996; Redies and Takeichi, 1996). Classical cad-
erins (E, N, and P) are Ca21-dependent adhesion molecules
omprising an extracellular domain, a membrane-spanning
egion, and a highly conserved cytoplasmic part. Adhesion
s mediated by the homophilic interactions between cad-
erins of adjacent cells in antiparallel fashion, involving the
-terminal part of the extracellular domain of the proteins.
adherins are anchored in cells by dynamic association
ith cytoplasmic catenins. The cytoplasmic domain of
-cadherin complexes with either b-catenin or plakoglobin
1 To whom correspondence should be addressed at Institut Curie
UMR146, Centre Universitaire, 91405 Orsay Cedex, France. Fax:
(33) 1 69 07 45 25. E-mail: lionel.larue@curie.fr.
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All rights of reproduction in any form reserved.(g-catenin) (Ozawa et al., 1990; Nagafuchi and Takeichi,
1989). b-Catenin and plakoglobin bind directly to a-catenin,
giving rise to two different complexes within the cells (Butz
and Kemler, 1994; Hinck et al., 1994). a-Catenin may link
oth complexes to actin filaments and the interaction
etween a-catenin and a-actinin anchors the cadherin/
atenin complex to the actin cytoskeleton (Rimm et al.,
995; Nieset et al., 1997). Tyrosine phosphorylation regu-
ates the interaction between cadherin and the cytoskeleton
Aberle et al., 1996; Daniel and Reynolds, 1997). Plakoglo-
in and b-catenin interact with various cadherins and with
APC, GSK3, LEF-1, EGF-R, and a number of protein-
tyrosine-phosphatases (Hoschuetzky et al., 1994; Rubinfeld
et al., 1996; Huber et al., 1996; Behrens et al., 1996). The
functions and the distributions of these proteins are diverse.
The interactions between catenins and these various pro-
teins are regulated by their phosphorylation status and by a
limited pool of available catenins. Catenins involved in
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492 Delmas et al.adhesion, via their interactions with cadherins, also have a
signalling function. A tightly regulated equilibrium be-
tween the various catenin-containing protein complexes is
required in the cell for proper cell growth, signalling, and
differentiation.
The lack of E- and N-cadherin or of a-, b-, and g-catenin
auses embryo death as a result of morphogenetic defects.
-cadherin- and a-catenin-deficient embryos develop into
abnormal blastocysts incapable of implantation (Larue et
al., 1994; Torres et al., 1997). N-cadherin-deficient embryos
re often malformed, particularly in the heart tube (Radice
t al., 1997b). Heart defects are also observed in the absence
f plakoglobin (Bierkamp et al., 1996; Ruiz et al., 1996). In
he absence of b-catenin, the development of mice is
affected at gastrulation (Haegel et al., 1995). Expression of
either cytoplasmic or extracellular domains of cadherins in
Xenopus and mouse embryos showed that these truncated
proteins act as dominant-negative proteins primarily dis-
turbing cell–cell adhesion and consequently migration,
differentiation, proliferation, cell death, and thus tissue
morphogenesis (Kintner, 1992; Levine et al., 1994; Dufour
et al., 1994; Holt et al., 1994; Lee and Gumbiner, 1995; Dahl
et al., 1996; Hermiston and Gordon, 1995). The dominant-
egative effect of truncated and full-length forms of cad-
erin molecules is at least partly due to the limited pool of
atenins in the cells (Hinck et al., 1994).
The murine mammary gland consists of stromal, myo-
pithelial, and epithelial cells. The ratio of these three cell
ypes depends on the reproductive status of the female:
irgin, pregnant, lactating, or involuting. Milk is produced
ostly in alveolar structures by epithelial cells. Milk con-
ists of proteins, including caseins, a-lactalbumin, and
WAP (whey acidic proteins), and lipids, mainly triglycerides
(Mercier and Gaye, 1982; Jensen et al., 1991). A decrease in
content of any one of these elements affects the nutritional
quality of the milk. Rudiment ducts are established during
embryogenesis, and ductal and branching elongations ap-
pear during puberty. Alveolar proliferation occurs, during
pregnancy, and the alveolar epithelium is fully differenti-
ated by parturition. Many diverse proteins, such as growth
factors and their receptors, hormones, transcription factors,
and cell adhesion molecules, are involved during these
stages of mammary gland development. Luminal epithelial
cells produce E-cadherin and the surrounding myoepithelial
cells P-cadherin. Anti-E-cadherin antibodies affect the divi-
sion and integrity of epithelial structures during ductal
morphogenesis, whereas anti-P-cadherin antibodies have no
effect (Daniel et al., 1995). Mice lacking P-cadherin are
viable. However, precocious differentiation, hyperplasia,
and dysplasia of the mammary epithelial cells have been
reported in the absence of P-cadherin in myoepithelial cells
(Radice et al., 1997a). These experiments did not, however,
determine whether this control of growth was mediated by
adhesion, by signalling due to cell–cell interactions, or by
both.Full-length E-cadherin promotes cell–cell adhesion and
epithelial morphogenesis. Possibly the cytoplasmic domain
Copyright © 1999 by Academic Press. All rightof E-cadherin is sufficient to induce specific signals for
epithelial morphogenesis. Mammary gland morphogenesis
provides an ideal system for studying the role of the
E-cadherin cytoplasmic domain during epithelial morpho-
genesis because it occurs slowly and sequentially at a
particular time during mammary gland development and
can be easily followed. Moreover, the alveolar epithelial
structure does not require efficient cell–cell adhesion dur-
ing pregnancy because there is no milk at this stage and
therefore no pressure in the lumen. To study the morpho-
genetic activity of the cytoplasmic domain of E-cadherin,
we produced several transgenic mice expressing a truncated
form of E-cadherin (H2E-cad) in mammary gland epithelial
cells under the regulatory sequences of the mouse mam-
mary tumour virus (MMTV) promoter. This promoter is
weakly activated during the first step of alveolar epithelial
formation (virgin and pregnant status) and strongly acti-
vated once the epithelial structure is fully functional (lac-
tating status) (Munoz and Bolander, 1989). A low level of
the cytoplasmic domain of E-cadherin appears to be suffi-
cient to induce morphogenetic signals without disturbing
clearly the endogenous adhesive function of E-cadherin.
MATERIALS AND METHODS
Transgenic Mice
The chimaeric cDNA, H2E-cad (Ozawa et al., 1990), was in-
erted into an expression vector containing the MMTV long
erminal repeat (LTR), the SV40 intron, and polyadenylation sig-
als (Stocklin et al., 1993, generously provided by B. Groner). The
.8-kb MMTV-H2E-cad-SV40 Sal I fragment (No. 131) was micro-
njected into fertilised eggs in a (C57BL/6 3 DBA/2)F1 background.
ice carrying the transgene were identified by PCR and Southern
lot analyses. The right and left third thoracic mammary glands
ere collected for RNA preparation. The right fourth inguinal
ammary glands were used for histological and immunohisto-
hemical analyses, and the left fourth inguinal mammary glands,
or whole-mount analyses. For experiments involving lactating
emales, pups were removed from their mothers 2 h before the
others were killed. In all experiments, transgenic females were
ompared to wild-type female littermates.
RNA Preparation and Northern Blot Hybridisation
Total RNA was prepared from mammary tissue using the
Roti-Quick RNA purification kit (Roth), subjected to electrophore-
sis in 1% agarose formaldehyde gels under denaturing conditions,
transferred to nylon membranes (Hybond-N1; Amersham), and
probed with a random-primed probe (Larue et al., 1994). Blots with
10 or 20 mg total RNA per lane were used for the detection of the
ransgene, E-cadherin, a-lactalbumin, WAP, b-casein, and GAPDH
RNAs. The cDNA probe for a-lactalbumin (Vilotte et al., 1992)
as kindly provided by J. L. Vilotte, Institut National de la
echerche Agronomique (Jouy-en-Josas, France). The cDNA probes
or b-casein (Yoshimura et al., 1986) and WAP (Hennighausen and
Sippel, 1982) were kindly provided by T. Oka and L. Hennighausen,
National Institutes of Health (Bethesda, MD).
s of reproduction in any form reserved.
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493E-cadherin Mutant in Mammary GlandReverse Transcription Polymerase Chain Reaction
We analysed the expression of the transgene and the genes for
E-cadherin, WAP, b-casein, GAPDH, and TBP (TATA-binding
rotein). RNA was treated with 5 units of DNase RQ1 (Boehringer)
o remove any trace of DNA, and 1 mg of RNA was reverse
transcribed. A negative control was included in each experiment in
which the reverse transcriptase was omitted, to check for DNA
contamination. The expression of each gene was investigated by
semiquantitative polymerase chain reaction using 2 to 6% of the
reverse-transcribed reaction product in a final volume of 50 ml
ontaining 1 mM each primer, 10 mM Tris–HCl, pH 8.8, 1.5 mM
gCl2, 50 mM KCl, 0.1% Triton X-100, 0.2 mM dNTP, 0.4 mCi of
a-32P]dCTP and 0.25 u of DyNazyme II Taq DNA polymerase
(Finnzymes Oy). cDNAs were denatured for 1 min at 94°C and then
amplified by 3 cycles of 1 min at 94°C, 1 min at 58°C, and 1 min at
72°C, followed by 20 cycles (25 for tg) of 45 s at 94°C, 30 s at 58°C,
and 30 s at 72°C, with a final extension for 5 min at 72°C. These
conditions ensure that PCR was exponential. The following primer
pairs were used for amplification: for the transgene, sense primer
H2Kd LL84 (59-TGC CTC TTG GGA AGG AGC AG-39) and
antisense primer E-cadherin LL85 (59-CCC CTG TGC AGC TGG
CTC AA-39), generating a 346-bp fragment; for E-cadherin, sense
primer LL11 (59-CAT CGC CAC AGA TGA TGG TT-39) and
antisense primer LL55 (59-AAC TGC ATG TTT CGA GGT TCT-
39), generating a 111-bp fragment; for WAP, sense primer LL68
(59-GAC ACC GGT ACC ATG CGT TG-39) and antisense primer
LL69 (59-TAG CAG CAG ATT GAA AGC ATT ATG-39), generat-
ing a 500-bp fragment; for b-casein, sense primer LL80 (59-CCT
GC CTG CCT TGT GGC CC-39) and antisense primer LL81
59-GGC CCA AGA GAT GGC ACC AC-39), generating a 296-bp
ragment; for GAPDH, sense primer LL82 (59-GCT GAG TAT GTC
TG GAG TC-39) and antisense primer LL83 (59-TTG GTG GTG
AG GAT GCA TT-39), generating a 191-bp fragment; and for TBP,
ense primer LL60 (59-CCT TAC GGC ACA GGA CTT AC-39) and
antisense primer LL61 (59-GCA ATG GTG CAG TGG TCA G-39),
generating a 235-bp fragment. Primers for stromelysin-1 PCR were
as described by Sympson et al. (1994). One-fifth of the PCR
products was subjected to 8% polyacrylamide gel electrophoresis.
Gels were dried and used to expose storage phosphor screens. The
signals were quantified with a Storm 840 PhosphorImager, using
ImageQuant 4.2 software (Molecular Dynamics, Sunnyvale, CA).
Immunoprecipitation and Immunoblotting
For immunoprecipitation and immunoblotting experiments,
4-day lactating mammary glands were collected and treated as
described previously (Butz and Larue, 1995). Antibodies were from
Transduction Laboratories (Nos. C20820, C19220, and C21620)
and recognised the cytoplasmic domain of E-cadherin, b-catenin,
nd a-catenin, respectively. Mouse-specific HRP-conjugated sec-
ndary antibodies were from Jackson Laboratories (No. 115-035-
03). Bound antibodies were detected on the membrane by ECL.
Histological and Morphological Analysis
For histological analyses, mammary gland tissue was fixed in 4%
paraformaldehyde in PBS and embedded in paraffin by standard
methods. Sections, 5 to 7 mm thick, were stained with haematoxy-
in and eosin or methyl green. For whole-mount analysis, mam-ary glands were stained in Carnoy’s solution as described previ-
usly (Sympson et al., 1994).
Copyright © 1999 by Academic Press. All rightMilk Analyses
Milk samples were collected from day 1 to day 4 of lactation.
Total milk protein content was estimated by Bio-Rad protein assay
(Bio-Rad, France). Total milk triglyceride content was determined
by enzymatic hydrolysis and colorimetric determination of liber-
ated glycerol (Peridochrom triglycerides GPO-PAP; Boehringer
Mannheim). For qualitative analysis of milk proteins, 2 ml of milk
as subjected to SDS–PAGE (4–18% gradient) and stained with
oomassie blue.
Immunohistochemistry
Mammary tissue fragments were embedded in Tissue-Tek OCT
compound (Miles–Bayer) and frozen in liquid nitrogen. Immuno-
fluorescence staining for E-cadherin, ZO-1, b4-integrin, occludin,
and laminin was performed on 5-mm frozen sections. The rat
monoclonal E-cadherin antibody (DECMA-1; Vestweber and Kem-
ler, 1985) was used at a dilution of 1/100, the rat monoclonal
anti-ZO-1 antibody (R4076, generously provided by Drs. B. Steven-
son and T.P. Fleming) at a dilution of 1/50, and the rat monoclonal
antibody against mouse occludin (MOC37, generously provided by
Drs. Furuse and Tsukita) at a dilution of 1/5. Polyclonal rabbit
antisera against mouse laminin were diluted 1/500 (Dako, Immu-
notech, No. 185 and Andre´ et al., 1994) and rat monoclonal b4- and
b1-integrin antibodies (Pharmingen) 1/200. Nuclei were stained
with 1 mg/ml DAPI (49,6-diamido-2-phenylindole; Sigma) for 5 min.
ll fluorophore-conjugated secondary antibodies were purchased
rom Jackson Immunoresearch Laboratories, Inc. (Bar Harbor, ME).
RESULTS
Generation of Mutant E-cadherin Transgenic Lines
We produced transgenic mice expressing truncated
E-cadherin in the mammary epithelium by microinjecting a
recombinant plasmid containing the MMTV-LTR promoter
and a cDNA encoding the mutant E-cadherin protein into
one-cell mouse embryos (Fig. 1A). The mutant E-cadherin
cDNA encodes the extracellular part of the MHC class I
H2Kd fused, in frame, to the transmembrane and cytoplas-
mic domains of E-cadherin (Ozawa et al., 1990). Five
transgenic mice, two males and three females, each con-
taining 10–20 copies of the transgene were obtained (Fig.
1B). Among the founders, one male was sterile and one
female did not transmit the mutation to her progeny.
Expression of the transgene in the lactating gland was
analysed in the three other lines. These lines had different
levels of transgene expression: transgene mRNA was
readily detectable in total RNA from mouse lines 1 and 2 by
Northern blotting (Fig. 1C), but was barely detectable in
mouse line 3. Endogenous E-cadherin RNA was not de-
tected because the amount present in the lactating gland is
too small to be detected. We determined the ratio between
mutant and endogenous E-cadherin mRNAs, by semiquan-
titative RT-PCR. The transgene/endogenous E-cadherin
(E-cad) ratios were 100/1 (line 1), 20/1 (line 2), and 3/1 (line 3)
(Figs. 1D and 1E and data not shown). At day 4 of lactation,
the amount of endogenous E-cadherin mRNA was higher in
s of reproduction in any form reserved.
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mated that the endogenous E-cadherin was induced about
two- to threefold in the mammary gland derived from the
transgenic lines (1 and 3) compared to the wild-type. The
expression of the transgene was determined by semiquanti-
tative RT-PCR on day 4 lactating mammary glands derived
from transgenic mice of successive generations. We could
not observe any downregulation of the transgene expression.
Protein levels and the interaction of H2E-cad with
catenins were assessed by immunoblotting and coimmuno-
precipitation experiments with extracts from wild-type and
line 1 mammary glands on day 4 of lactation (Fig. 1F). The
amounts of a-catenin and b-catenin were similar in wild-
type and line 1 transgenic glands (Fig. 1F, lanes 5–8).
E-cadherin (120 kDa) and H2E-cad (70 kDa) were detected on
immunoblots with antibodies directed against the cytoplas-
mic domain of E-cadherin (Ab cytEcad) (Fig. 1F, lanes 1–4).
Surprisingly, the amount of H2E-cad protein in line 1 was
similar to the amount of endogenous E-cad in the wild-type
gland (Fig. 1F, lanes 1 and 4). The amount of H2E-cad in lines
2 and 3 was about a half and a third that in line 1 (Fig. 1F,
lanes 2–4). Thus, there were some discrepancies between
the relative amounts of RNA and protein corresponding to
E-cadherin and H2E-cad. These discrepancies may be due to
poor translation of the transgene and/or H2E-cad having a
FIG. 1. The E-cadherin transgene and its expression in the m
transcriptional control of the MMTV-LTR into an expression vector
SalI DNA fragment was microinjected into fertilised eggs. (B) Southe
of the transgene from the mouse genome following digestion with B
orresponds to the BamHI–BamHI H2Kd sequence and the 59 end
orresponds to the BamHI–EcoRI fragment that encodes the 39 end
of E-cadherin. Five founders were generated (lanes 1, 2, 5, 8, and 13)
are indicated at the top. Lanes 3 and 4, 6 and 7, 9–12, and 14–16 corre
Ten copies of the transgene in the presence of wild-type genomic D
controls. Endogenous E-cadherin genomic DNA was undetectable a
gland RNA (20 mg) from day 4 lactating wild-type and transgenic lin
3270 bp), endogenous E-cadherin (4300 bp), and H2Kd (1550 bp) tr
Longer exposure times were required for detection in line 3 (lanes 7
in either wild-type or transgenic RNA samples due to the relatively
H2Kd transcript were detected in all samples. (D) Semiquantitative
samples were prepared from day 4 lactating mammary glands. The a
controls, plasmids containing either E-cadherin (first lane) or tran
control, reverse transcriptase was omitted from the reaction; an
transgene-specific primers (third lane). The amplified band indicated
this pair of primers. This band of about 140 bp was consistently obs
and transgenic mammary glands. (E) Endogenous E-cadherin (E-ca
glands. RNAs were obtained from wild-type (wt) from lines 3 (a) and
were determined by semiquantitative RT-PCR and PhosphorImag
relative values are means 6 SD for three or four mice each and wer
ine. PCR amplification efficiencies ([a-32P]dCTP incorporation for a
chimeric E-cadherin sequences. (F) Immunoblot (lanes 1–8) and imm
mammary glands. Mammary extracts were obtained from wt mice (
1 (lanes 4, 6, 8, 10, and 12). Immunoprecipitations were performed
nd 12). Samples were subjected to electrophoresis on 7.5% acrylam
ere probed with antibodies against E-cadherin cytoplasmic domain (la
7–10); and detected by ECL.
Copyright © 1999 by Academic Press. All righthorter half-life than E-cadherin. Anti-H2Kd antibody pre-
cipitated a 70-kDa protein from transgenic glands that was
recognised by Ab cytEcad (data not shown) and coimmuno-
precipitated with b-catenin (Fig. 1F, lanes 9 and 10). Anti-
b-catenin antibody coimmunoprecipitated two proteins.
One, 120 kDa, corresponded to E-cadherin and the other, 70
kDa, to H2E-cad. Both were recognised by Ab cytEcad (Fig.
1F, lanes 11 and 12). Similar results were obtained for
transgenic lines 2 and 3 (data not shown). Lines 1 and 3 were
used for further analysis.
The Cytoplasmic Domain of E-cadherin Is
Sufficient to Induce Alveolar Morphogenesis
Mammary glands in oestrous cycle-matched virgin mice
of various ages were analysed, as the MMTV promoter is
leaky. At puberty, whole mounts were analysed and there
was no obvious morphogenetic difference between trans-
genic and wild-type glands (data not shown). In 1-year-old
mice, alveolar structures were present in transgenic mice
(Fig. 2B) but not in wild-type animals (Fig. 2A). Histological
analysis revealed numerous organised secretory epithelia in
transgenic glands, whereas wild-type glands contained only
a few groups of epithelial cells (Figs. 2C and 2D). No
palpable tumours or dysplasia were observed in any mice,
ary gland. (A) The chimaeric cDNA was inserted under the
taining the splice and polyadenylation signals of SV40. The 4.8-kb
lot analysis showing the release of two fragments (980 and 520 bp)
I and EcoRI. The blot was probed with H2E-cad. The 980-bp band
the transmembrane domain of E-cadherin and the 520-bp band
he transmembrane domain and the complete cytoplasmic domain
crossed with B6D2 mice. The corresponding mouse line numbers
d to the progeny of the founders of lines 1, 2, 4, and 3, respectively.
(lane 17) and wild-type B6D2 mouse DNA (lane 18) were used as
ort exposure times. (C) Northern blot analysis of total mammary
2, and 3 using the probe described in B. It recognises the transgene
ripts. The transgene mRNA was detected in all transgenic lines.
8). No E-cadherin transcript was detected under these conditions
abundance of E-cadherin mRNA. Similar amounts of endogenous
PCR with primers specific for E-cadherin and the transgene. RNA
ification of TBP cDNA was used as an internal control. As positive
e (second lane) sequences were used as templates. As a negative
ple is shown for a mammary gland sample from line 1, using
the asterisk in D corresponds to a nonspecific signal obtained with
d after performing RT-PCR on RNA extracted from both wild-type
d transgene (H2E-cad) RNA levels in day 4 lactating mammary
) or from transgenic mice (tg) from lines 3 (c) and 1 (d). RNA levels
uantification using TBP expression as an internal standard. The
rmalised to the mean E-cad mRNA signal for wt mice of the same
ned number of template copies) were similar for endogenous and
precipitation analysis (lanes 9–12) of extracts from day 4 lactating
s 1, 5, 7, 9, and 11) and tg mice from lines 3 (lane 2), 2 (lane 3), and
g anti-H2Kd (lanes 9 and 10) or anti-b-catenin antibodies (lanes 11
gels under denaturing conditions; transferred to membranes thatamm
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496 Delmas et al.even after 18 months. Thus, a low level of continuous
expression of the cytoplasmic domain of E-cadherin in-
duced epithelial morphogenesis after several months in line
1 transgenic virgin mice.
Several transgenic and wild-type mammary glands from
pregnant mice at various time points were analysed (Fig. 3).
The number of alveolar structures, at each time point, was
higher in all transgenic glands analysed than in the wild
type (Figs. 3A–3H). The transgenic glands displayed preco-
cious alveolar formation and seemed to be 2 to 3 days ahead
of wild-type glands in development. No deleterious effects
of the transgene were observed on ductal and alveolar
structures during pregnancy from day P5 to day P17. His-
tological analysis of thin sections of mammary tissue
FIG. 2. Whole-mount and histological analysis of mammary glan
and E-cadherin mutant (B and D) mammary glands. Ten wt and 15 t
of 15 transgenic mammary glands and none of the wild-type mamm
matched according to the appearance of the vagina. Note the pre
disorganisation of the epithelial structures or dysplasia was observ
FIG. 3. Analysis of line 1 mammary glands during pregnancy. Wh
, F, and H) glands at day 8 (A and B), day12 (C and D), and day 1
nd (F), respectively. Sections of wild-type (I) and transgenic glands
he numerous secretory vesicles in transgenic glands. Scale bars: A
xpression during pregnancy (K–M). Semiquantitative RT-PCR was
rom transgenic or wild-type mammary gland RNA extracted durin
sing a PhosphorImager. The values obtained for wild-type (wt) and tran
nd normalised to wt P9 (M). Data are shown as means, with error bar
Copyright © 1999 by Academic Press. All rightonfirmed that significantly more alveolar structures were
resent in pregnant transgenic mice than in their pregnant
ild-type littermates. The alveolar epithelial cells of trans-
enic mice also displayed precocious differentiation. Large
acuoles of milk fat globules appeared as early as 14 days
nto pregnancy in transgenic mice and were not detected
ntil a few days later in wild-type mice (Figs. 3I and 3J). We
etermined the amount of stromelysin-1 RNA in the mam-
ary gland during pregnancy. Stromelysin-1 mRNA levels
ere clearly higher at midpregnancy (P9 and P10) in trans-
enic than in wild-type glands (Figs. 3K–3M). Midpregnancy
s a period of active transgenic alveolar epithelium prolif-
ration. The cytoplasmic domain of E-cadherin induced the
xpression of the stromelysin-1 gene. The advanced mor-
m 1-year-old virgin mice derived from line 1. Wild-type (A and C)
genic mammary glands were analysed for this observation. Twelve
lands presented alveolar structures. The mice were oestrous cycle
of a secretion in the lumen of transgenic alveolar epithelia. No
cale bars: A and B, 500 mm, and C and D, 200 mm.
ount preparations of wild-type (A, C, E, and G) and transgenic (B,
G, F, and H) of pregnancy. (G and H) Higher magnifications of (E)
ere stained with haematoxylin and eosin. The arrowhead indicates
00 mm; G and H, 200 mm, and I and J, 100 mm. Stromelysin-1 gene
ormed with primers specific for stromelysin-1 (K) and GAPDH (L)
egnancy (P9, P10, P12, P14, and P17). PCR results were quantifiedds fro
ransole-m
4 (E,
(J) w
–F, 5
perf
g prsgenic (tg) glands are the ratio of stromelysin-1 to GAPDH signals
s representing SEM for three independent sets of experiments.
s of reproduction in any form reserved.
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498 Delmas et al.phogenesis of alveolar structures correlated with the pro-
duction of b-casein and WAP, which are differentiation
markers. Semiquantitative RT-PCR was performed with
specific oligonucleotides, on total RNA isolated from mam-
mary glands on days P5 to P17 (Fig. 4A). Markers of alveolar
epithelial differentiation were detected earlier in transgenic
females than in their wild-type littermates: P8 vs P12 for
b-casein and P12 vs P14 for WAP. The transgenic mice
expressed milk protein genes at higher levels than did
wild-type mice, as shown by Northern blot analysis (data
not shown). No histological adhesion defects or disorgani-
sation of epithelial structures was observed in transgenic
glands. Western blot experiments performed with antibod-
ies directed against E-cadherin cytoplasmic domain re-
vealed easily the endogenous E-cadherin and barely the
transgene, suggesting that the transgene would not act as a
potent dominant-negative mutant at this stage (data not
shown). Furthermore, immunofluorescence studies using
antibodies directed against the extracellular domain of
E-cadherin showed similar E-cadherin levels in wild-type
and transgenic mammary gland sections during pregnancy
(Fig. 4B). Therefore, E-cadherin expression was not affected
by the transgene at this stage, strongly suggesting that the
expression of H2E-cad does not affect cell–cell interactions
during pregnancy. There was no significant difference be-
tween the various transgenic lines. Thus, at this stage of
mammary gland development, the expression of the cyto-
plasmic domain of E-cadherin caused a gain-of-function
during alveolar epithelium formation.
Transgenic Milk Is Less Nutritious Than
Wild-Type Milk
When pups are born, the mammary gland epithelium is
fully functional and produces milk. Thus, any major cellu-
lar defect caused by the transgene could affect lactation.
The nursing abilities of transgenic and wild-type females
were compared. Hemizygous or wild-type females were
crossed with hemizygous or wild-type males. More pups
died within 4 days in litters fed by transgenic than by
wild-type mothers (Fig. 5A), although the litter sizes were
not significantly different (Fig. 5B). We ruled out any defect
in the pups themselves and focused on the nursing defi-
ciency of the mothers, by a series of cross-fostering experi-
ments. For all subsequent experiments, heterozygous trans-
genic mothers were directly compared with wild-type
littermates if they delivered approximately the same num-
ber of pups on the same day. Within a few hours of birth,
half the pups from transgenic females were labelled and
exchanged with half the pups labelled from wild-type lit-
termate females. The weights of surviving pups were re-
corded daily (Fig. 5C). The nursing deficiency of the trans-
genic females was particularly evident in the first few days
of lactation, with the weight of pups fed by transgenic
mothers remaining constant rather than increasing steadily
every day. Transgenic females displayed a nursing defi-
Copyright © 1999 by Academic Press. All rightiency during the first few days of lactation, which they
hen overcame.
Similar amounts of milk could be collected from trans-
enic and wild-type mothers. Proteins and fats (especially
riglycerides) are the major components of milk. Total
rotein contents were similar for transgenic and wild-type
ittermates, but the triglyceride concentration in milk from
ransgenic females was much lower (day 0) (Figs. 5D and
E). Thereafter, the amounts of triglyceride in wild-type and
ransgenic milk were very similar, as were the slopes of the
up growth curves. Triglycerides are the principal source of
nergy for the pups, so the low triglyceride concentration
ay account for the poor nursing ability of transgenic
others. Caseins are the major proteins in milk. The
imilar total protein contents of transgenic and wild-type
ilks on days 0 and 4 of lactation indicate that the casein
ontent of the milk was not affected (Fig. 5E). The caseins
26, 29, and 43 kDa) in transgenic and wild-type milk were
ot significantly different in quantity or quality (Fig. 5F).
AP ('14 kDa) was detected in wild-type milk but not in
ransgenic milk from line 1 or line 3. Similarly, the level of
AP RNA was much lower in day 4 lactating mammary
lands of transgenic mice of lines 1 and 3 than in their
espective wild-type littermates (Fig. 5G). The level of
a-lactalbumin was lower than wild-type only in line 1, and
the amounts of b-caseins were similar in all the lines.
The Expression of Mutant E-cadherin Changes
Morphology, Cell–Cell Contacts, Polarity, and
Cell–Matrix Interactions in Transgenic
Mammary Epithelia
Tissue and cell differences were observed between trans-
genic and wild-type mice (Fig. 6). The alveoli were more
dilated in transgenic than in wild-type mammary glands.
Wild-type epithelial cells had a typical cuboidal shape,
whereas transgenic epithelial cells were significantly
shorter and flat. This suggests that the cytoskeleton and
cell polarity were affected in transgenic epithelial cells.
The integrity of the adherens and tight junctions was
examined immunohistochemically with E-cadherin-,
occludin-, and ZO-1-specific antibodies. Antibodies specific
for the endogenous E-cadherin labelled only the basolateral
domain in wild-type mammary epithelium (Fig. 6C). In
transgenic mice, E-cadherin staining was much weaker and
diffuse (Fig. 6F). A considerable amount of E-cadherin was
not solubilised with nonionic detergents, such as Triton
X-100 (data not shown). The distribution of occludin (Figs.
6D and 6G) and ZO-1 (Figs. 6E and 6H) staining differed
between wild-type and transgenic animals. In wild-type
mice, these two proteins were restricted to lateral surfaces
(Figs. 6D and 6E), whereas in transgenic mice, they were
present at the apical surface (Figs. 6G and 6H). These
observations suggest a difference in the polarity of the
mammary epithelium in transgenic mice and may partly
account for their larger alveolar structures.
We investigated the integrity of the myoepithelial cells
s of reproduction in any form reserved.
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FIG. 4. Expression of milk-specific protein transcripts and
-cadherin in wild-type and mutant mammary glands during
regnancy. (A) Semiquantitative RT-PCR was performed with
rimers specific for the transgene, b-casein, WAP, E-cadherin, and
APDH, from day 5 to day 17 of pregnancy. GAPDH mRNA was
sed as an internal control in these experiments. Transgene expres-
ion was detected from P5 onwards. (B) P14 wild-type (1) and
ransgenic (2–4) mammary gland sections were incubated with
ndogenous E-cadherin-specific antibodies (1–3) or with DAPI (4)
nd were observed by confocal fluorescence microscopy. Arrow-
eads indicate milk secretion in transgenic glands. Scale bars: 1 and
, 17 mm; 3 and 4, 10 mm.alveoli. Myoepithelial cells were labelled with a specific
a-smooth-muscle actin antibody (Skalli et al., 1986). The
Copyright © 1999 by Academic Press. All rightnumber and the distribution of these cells were similar in
transgenic and wild-type mammary glands (data not
shown). The contact between the epithelial cells and the
basement membrane differed in transgenic and wild-type
glands. The cellular distribution of integrins b1 and b4 and
the distribution of laminin-1 were investigated. Staining
with antibodies against integrins b1 and b4 was frequently
disrupted in transgenic glands (Figs. 7B and 7G). Laminin-1
staining was weaker and more frequently disrupted in
transgenic than in wild-type glands (Figs. 7C, 7D, and 7F).
Double-labelling showed that the absence of laminin-1
staining was always associated with the absence of integrin
b1 and b4 staining (Figs. 7F and 7G and data not shown).
Laminin-1 staining disruption was observed in about 1% of
wild-type alveoli and about 10% of transgenic alveoli. The
transgenic cells with disrupted laminin-1 were not apopto-
tic (data not shown), and there was no difference in the
number of apoptotic nuclei between transgenic and wild-
type lactating glands (0.8% in both cases). Similar results
were observed with different transgenic mouse lines, but
more severe disruption was observed with line 1. Thus, the
expression of mutant E-cadherin in the mammary gland has
a dominant-negative effect on cell–cell adhesion, cell po-
larity, and cell–matrix interaction.
DISCUSSION
The formation of an organised three-dimensional struc-
ture from individual cells during morphogenesis is poorly
understood. It requires morphogenes and involves funda-
mental cellular mechanisms such as interaction, signalling,
proliferation, death, and differentiation. Central is the
mechanism by which morphogenes trigger the complex
network of cell interactions leading to the development of
specific structures. Of particular interest are the mecha-
nisms by which effector genes involved in recognition and
adhesion control particular steps in morphogenesis. Mem-
bers of the Ca21-dependent superfamily of cell adhesion
molecules, cadherins, act as morphoregulators (Kintner,
1992; Takeichi, 1995; Larue et al., 1996). We investigated
the functions of the cytoplasmic domain of E-cadherin
during epithelial morphogenesis. Transgenic mice produc-
ing a truncated form of E-cadherin in mammary glands were
generated. The phenotypes associated with the expression
of the mutant E-cadherin were analysed during four phases
of mammary gland development, virgin, pregnancy, when
alveolar morphogenesis begins, and lactation, when a func-
tional alveolar epithelium is required.
The Cytoplasmic Domain of E-cadherin Induces
Alveolar Epithelial Morphogenesis
The expression of the mutant E-cadherin gene, regulated
by the MMTV promoter, induced precocious alveolar epi-
thelial morphogenesis. This advanced alveolar formation
was associated with coordinated premature synthesis of
s of reproduction in any form reserved.
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500 Delmas et al.milk proteins (b-casein, WAP, and a-lactalbumin) and acti-
vation of stromelysin-1 (Mmp3) in midpregnancy. Trans-
plantation and transgenic experiments have suggested that
different precommitted mammary epithelial progenitors
generate mammary ducts and secretory mammary lobules
FIG. 5. Mothering ability and milk composition of wild-type and
from wild-type and transgenic mothers 4 days postpartum, among 4
and transgenic females at birth. The average number of pups per lit
3. (C) Pup growth curves in cross-fostering experiments. Open sq
wild-type mothers and exchanged wild-type pups from the same
transgenic pups fed by transgenic mothers are represented by solid
the same litter fed by wild-type mothers. These experiments were
included in these curves. (D) Triglyceride concentration in the milk
4 of lactation. Wild-type line 1 (wt), white bar; transgenic line 1 (tg
Milk samples (0.1 ml) were used for protein determination: 10 trans
proteins separated by SDS–PAGE. Caseins were detected in the mi
detected only in wild-type milk. (G) Northern blot analysis of mam
mammary glands was separated on agarose gel and probed with WA
WAP, in both transgenic lines, and the low level of a-lact in line 1(Smith, 1996). Specific markers for alveolar and ductal
progenitor cells are not yet discovered, so it is not possible
s
s
Copyright © 1999 by Academic Press. All righto follow the precise timing of transgene activation and the
mounts of transgene relative to endogenous E-cadherin in
hese cells. Both the endogenous and the mutant
-cadherins seemed to be involved in alveolar morphogen-
sis. Intact E-cadherin molecules are required for the initial
ant E-cadherin mice. (A) Percentage of dead pups in litters derived
irths for line 1 and 413 births for line 3. (B) Litter sizes of wild-type
as determined from 58 litters for line 1 and from 50 litters for line
and circles represent the mean weight of wild-type pups fed by
r fed by transgenic mothers, respectively. The mean weights of
s, and solid squares correspond to exchanged transgenic pups from
ormed four independent times. The weight of dead pups was not
ice from line 1. Milk was collected from the females on days 0 and
ck bar. (E) Total protein content in the milk of the mice of line 1.
c and wild-type milk samples. (F) Coomassie blue staining of milk
tained from both transgenic and wild-type female mice. WAP was
ry RNA samples. Total RNA (20 mg) isolated from 4-day lactating
-lactalbumin (a-lact), and b-casein probes. Note the lower levels ofmut
96 b
ter w
uares
litte
circle
perf
of m
), bla
geni
lk ob
mateps of epithelial morphogenesis, such as cell–cell adhe-
ion in dividing alveolar progenitors. However, the early
s of reproduction in any form reserved.
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501E-cadherin Mutant in Mammary Glandproduction of the cytoplasmic domain of E-cadherin results
in the formation of precocious alveolar structures. The
induction of cell differentiation by the cytoplasmic domain
of E-cadherin has been observed in keratinocytes in vitro
FIG. 6. Histological appearance and immunolocalisation of juncti
1 transgenic (B) mammary glands are shown at day 4 of lactation. S
magnification at the right bottom corner) (A and B). Note that th
epithelial cells. Scale bars: A and B, 100 mm and magnification 25
ammary glands of wild-type (C, D, and E) and transgenic (F, G,
taining with anti-E-cad (C and F), occludin (D and G), and ZO-1 (E
cale bars: C and F, 10 mm; D and G, 8 mm; and E–H, 20 mm.(Zhu and Watt, 1996). It is attractive to hypothesise that the
cytoplasmic domain of E-cadherin generates a specific sig-
Copyright © 1999 by Academic Press. All rightal inducing alveolar morphogenesis. Although a signalling
athway induced by E-cadherin in the mammary gland is
ot characterised yet, this pathway could involve b-catenin
and LEF/TCF proteins. Until now, we have not been able to
oteins of mammary tissue during lactation. Wild-type (A) and line
ns were stained with haematoxylin–eosin and methyl green (high
clei stained with methyl green are more prominent in wild-type
Immunolocalisation of junction proteins in day 4 lactating line 1
H) mice. Frozen sections of mammary tissues were processed for
H) antibodies. Cell borders are indicated by white dots (C and F).on pr
ectio
e nu
mm.
anddetect nuclear b-catenin in the mammary gland. This is
probably due to the inherent difficulties in detecting endog-
s of reproduction in any form reserved.
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502 Delmas et al.enous nuclear b-catenin in vivo, even when a Wnt signal is
ctive. We are currently trying to identify the E-cadherin
ignalling pathway in mammary epithelial cells in vitro and
n the long term investigate the precise interactions leading
FIG. 7. Immunohistochemical detection of b1 and b4 integrins a
and C) and transgenic (B and D–G) mice. Antibodies against integr
Arrowheads indicate discontinuous b1-integrin (B), b4-integrin (G)
(E, F, and G) The same section processed for nuclear staining with
The asterisk in D indicates an absence of epithelial cells. Scale bao morphogenetic events.
The precocious alveolar formation observed in E-cadherin
d
t
Copyright © 1999 by Academic Press. All rightutant mice is reminiscent of the phenotype obtained with
ransgenic mice expressing the stromelysin-1 in the mam-
ary gland. Transgenic mice expressing stromelysin-1 in
ammary epithelial cells were generated by two indepen-
minin 1 in day 4 lactating line 1 mammary glands of wild-type (A
(A and B), laminin-1 (C, D, and F), and b4-integrin (G) were used.
laminin-1 (D and F) staining in transgenic mammary epithelium.
I (E) and with anti-laminin (F) and anti-b4 integrin (G) antibodies.
–D, 40 mm, and E–G, 25 mm.nd la
in b1
, andent groups. These mice were produced after injection into
he pronuclei of a construct containing the WAP promoter
s of reproduction in any form reserved.
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nal repeat driving an activated form of the rat stromelysin-1
(Sympson et al., 1994; Witty et al., 1995). In both cases, the
misregulation of stromelysin-1 induced precocious alveolar
development. In our experiments, in transgenic glands, we
observed that the precocious activation of stromelysin-1
was correlated to the precocious mammary alveolar devel-
opment. Stromelysin-1 mRNA levels were clearly higher at
midpregnancy in transgenic than in wild-type glands. From
day 12 of pregnancy onwards the amount of stromelysin-1
was identical in wild-type and transgenic glands. This
cannot be explained by a loss of transgene expression since
during this first period of pregnancy; no downregulation of
the transgene was observed. Altogether, these results sug-
gested that the cytoplasmic domain of E-cadherin was able
to induce the expression of stromelysin-1 during the first
period of pregnancy. At this point, we do not know the
molecular mechanism of the induction of stromelysin-1 by
E-cadherin cytoplasmic domain during the first period of
pregnancy. We may hypothesise that this induction would
be associated with a b-catenin/LEF signal transduction.
The alveolar structures were observed in old but not in
young virgin females. We can hypothesise that the MMTV
promoter does not activate the transgene expression at a
sufficient level to induce alveolar structures in young virgin
mice. The cumulative induction of the cytoplasmic domain
of E-cadherin would induce such alveolar structures in old
mice. In this context, even a low but significant expression
of the transgene appeared sufficient to induce alveolar
structure formation.
The previously reported morphogenetic changes in Xeno-
pus and mice due to the exogenous expression of the
cytoplasmic domain of cadherins seem to result from cell–
cell adhesion defects (Broders and Thiery, 1995). The low
expression of the cytoplasmic domain of E-cadherin in
epithelial cells during pregnancy did not affect cell–cell
recognition or adhesion in a detectable manner but did
induce mammary epithelial morphogenesis and cellular
and molecular differentiation. The absence of cell–cell
recognition and cell–cell adhesion defects in these cells
may be due to the very low expression of the transgene
compared to the endogenous intact E-cadherin and the
requirement for weak cell–cell adhesion at these early
stages of mammary gland development. It is not possible to
rule out that the expression of the cytoplasmic domain of
E-cadherin induces some minor adhesion defect. However,
we were not able to detect such defect by immunochemis-
try (Fig. 4) or by electron microscopy (data not shown).
P-cadherin also is involved in mammary gland morpho-
genesis. The mammary glands of virgin females derived
from P-cadherin knockout mice also differentiate early
(Radice et al., 1997a). P-cadherin is present only in myoepi-
thelial cells and E-cadherin, in epithelial cells. The absence
of P-cadherin has no effect on myoepithelial cells, but
causes the neighbouring epithelial cells to proliferate and
differentiate precociously. In transgenic mammary glands
expressing a truncated E-cadherin protein in the alveolar
Copyright © 1999 by Academic Press. All rightepithelial cells, the synthesis of the exogenous cytoplasmic
domain of E-cadherin caused similar morphogenetic events.
There is apparently no crosstalk between E- and P-cadherin
regulatory mechanisms because there was no difference in
E-cadherin levels in P-cadherin-depleted mammary epithe-
lium (Radice et al., 1997a). Double immunofluorescence
experiments were performed using antibodies directed
against H2E-cad or P-cadherin and a-smooth-muscle actin,
molecular marker of myoepithelial cells, on wild-type and
ransgenic mammary glands (data not shown). We never
bserved H2E-cad expression in myoepithelial cells. So,
nder our conditions, the MMTV promoter was able to
rive the transgene expression in epithelial cells and not in
yoepithelial cells. Moreover, the amount and the local-
sation of P-cadherin in myoepithelial cells was similar in
ild-type and transgenic myoepithelial cells. The pheno-
ypes of mice expressing a truncated E-cadherin molecule in
pithelial cells of mammary glands and of P-cadherin
nockout mice are similar in terms of precocious alveolar
orphogenesis, but the mechanism by which this pheno-
ype is induced must be different. Double mutants may
rovide additional information about the function of these
wo proteins.
The Cytoplasmic Domain of E-cadherin Acts as a
Dominant-Negative Mutant in the Lactating Gland
E-cadherin is located at the site of cell–cell contact in
most epithelial cells. In wild-type mammary epithelial
cells, E-cadherin was restricted to the lateral and basal cell
membranes and did not cluster at junction domains. The
presence of truncated E-cadherin in mouse mammary
glands changed the distribution of endogenous E-cadherin,
resulting in diffuse E-cadherin staining throughout the
plasma membrane (Figs. 6C and 6F). Similar results have
been obtained for transgenic mice producing the cytoplas-
mic domain of E-cadherin in the pancreas (Dahl et al., 1996)
and keratinocytes in vitro (Zhu and Watt, 1996). Immuno-
precipitation experiments suggest that the truncated
E-cadherin competes with the endogenous E-cadherin for
b-catenin binding (Fig. 1F). At day 4 of lactation, the
amount of endogenous E-cadherin mRNA was higher in
transgenic than in wild-type mammary glands. This sug-
gests that the cytoplasmic domain of E-cadherin induced
endogenous E-cadherin transcription. The amount of trans-
gene was lower during pregnancy than during lactation.
During pregnancy, no obvious difference in the amount of
endogenous E-cadherin was observed between transgenic
and wild types. So, the activation seems dependent on the
amount of the cytoplasmic domain of E-cadherin.
Mammary gland epithelial cells require intact tight junc-
tions for correct function. Tight junctions were disturbed in
transgenic epithelial cells: the associated proteins, ZO-1
and occludin, were not restricted to cell–cell contact areas,
but were present at the apical surface. The redistribution of
ZO-1 and occludin to the apical domain and the flattening
s of reproduction in any form reserved.
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disturbances in cellular polarity.
The large reduction in cell–cell adhesion in transgenic
mammary epithelia accounts for the cystic dilatation of
these epithelial structures. Strong cell–cell adhesion medi-
ates resistance to the pressure generated by milk in the
lumen. There was no compensation for the cystic dilatation
in transgenic epithelia by a thicker or stronger basal lamina.
Red blood cells were observed in the lumen of transgenic
epithelia (data not shown). This is consistent with epithelia
being leaky, due to changes in cell–cell adhesion and the
discontinuity of the basement membrane in transgenic
epithelium. The large reduction in WAP protein levels in
milk may also be due to the cell–cell adhesion defect in
transgenic glands, because in vitro, intact epithelial cell–
cell contact is required for WAP synthesis (Chen and
Bissell, 1989).
Transgenic mammary epithelia secreted milk in the
absence of complete polarisation. The secretory activity of
epithelial cells requires functional apocrine and merocrine
mechanisms, involving the correct intracellular transport
and packaging of milk fat and protein. It is surprising that
changes in milk production were not more extreme in
transgenic glands, in view of the loss of cell polarity and
adhesion and the partial disruption of the basal lamina. In
addition, fat content was affected only during the first few
days of lactation (Fig. 5D), probably the cause of the poor
mothering ability of transgenic females. The amount of
transgene RNA was similar at days 0, 1, 2, and 4 of
lactation. So, the recovery of the triglyceride level in
transgenic glands cannot be simply explained by a down-
regulation of the MMTV promoter. This compensation
involves probably a more complex cellular response. Low
levels of triglyceride synthesis and changes in the apocrine
secretion pathway may have led to a decrease in the amount
of triglyceride present during the early days of lactation.
It was shown that the MMTV-LTR promoter directs the
expression of various transgenes in mammary gland epithe-
lium and in urogenital epithelia (Hennighausen et al.,
994). Interestingly, we could observe similar alterations of
he epithelial cells in seminal vesicles and in mammary
lands of transgenic animals. In transgenic seminal
esicles, the amount of mutant E-cadherin mRNA was
ore important than endogenous E-cadherin mRNA. This
xpression led to a modification of epithelial cell polarity.
herefore, the expression of E-cadherin mutant has a simi-
ar effect on cell morphology and function in epithelial cells
ocated in different tissues.
The Basement Membrane Is Partially Disrupted in
Transgenic Mammary Glands
The alveolar epithelium is lined with a specific extracel-
lular matrix, the basement membrane, which in normal
mammary glands is involved in specific gene expression
and epithelial cell differentiation (Lelie`vre et al., 1996). The
synthesis of the truncated E-cadherin disrupted the integ-
Copyright © 1999 by Academic Press. All rightity of the basement membrane in the alveoli of transgenic
lands. The cytoplasmic domain of E-cadherin downregu-
ated both b1 and b4 integrins and the laminin-1 receptors
in mammary glands. Laminin-1 disruption may result from
the absence of integrin expression in some parts of the
glands. Crosstalk between cadherins and integrins by an
unknown mechanism has been described (Zhu and Watt,
1996). The alteration of E-cadherin function by the overex-
pression of mutant E-cadherin leads to a strong negative
effect on cell–cell contact, cell polarity, and cell matrix
interactions. All these cell alterations are frequently ob-
served in epithelial tumours, which do not express
E-cadherin. These cellular events are often associated with
an increase in migration and invasive ability. This study
provides additional in vivo evidence that E-cadherin can
contribute to invasive processes via its effect on multiple
cellular functions involving cell adhesion and polarity. This
is of particular interest since there are mutations in the
E-cadherin gene or complete loss of expression in 80% of
invasive lobular breast carcinomas (Gamallo et al., 1993;
Moll et al., 1993; Berx et al., 1995). Thus, E-cadherin may be
key regulator for the maintenance of the overall alveolar
pithelial structure in the mammary gland.
In conclusion, the expression of the cytoplasmic domain
f E-cadherin leads to a gain of function during alveolar
pithelium formation and a loss of function during the
ctive secretory activity of the mammary epithelium.
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